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Biochemical structure of glomerular basement membrane
in chronic glomerulonephritis.
I. Lobular and membrano-proliferative glomerulonephritis
PHILIPPE MAHIEU
Institut de Médecine, Département de Clinique et Sémiologie Médicales,
University of Liege, Belgium
Biochemical structure of glomerular basement membrane in
chronic glomerulonephritis. I. Lobular and membrano-prolifera-
live glomerulonephritis. Glomerular basement membranes have
been isolated from the kidneys of patients suffering from
membrano-proliferative or lobular glomerulonephritis. After
isolation, as well as in situ, these membranes were twice as
thick as normal membranes and contained a few fibrils of
collagen; their yield per gram of renal tissue extracted was
twice that of normal controls. The twofold increase in base-
ment membrane material could not be accounted for by the
presence of bound y-globulin or collagen. Although the amino
acid and carbohydrate compositions of abnormal and normal
membrane preparations were different, both contained two
groups of glycopeptides, one with a disaccharide unit com-
posed of glucose and galactose, the other with a heteropoly-
saccharide unit composed of mannose, hexosamine, fucose,
galactose and from one to five sialic acid residues. Quantitative
chromatographic differences indicated that the heteropoly-
saccharide units of abnormal membranes had fewer sialic acid
residues, on the average, than the heteropolysaccharide units of
normal membranes, and that the abnormal membranes had
fewer disaccharide units per polypeptide chain length. The data
suggest that the thickened glomerular basement membranes of
these glomeru!onephritic kidneys are the consequence of an in-
creased synthesis or decreased turnover of components present
in the normal state.
Structure biochimique des membranes basales glomerulaires au
cours des glomérulonéphrites. I. Glomérulonéphrites lobulaires et
membrano-prolifératives. Les membranes basales glomérulaires ont
été isolées de reins normaux et de reins de glomerulonéphrites
lobulaires ou membrano-prolifératives. Examinées au microscope
électronique, les membranes basales isolées pathologiques sont
épaissies; on constate également Ia presence de dépôts membra-
noides et de fibres de collagene. Quantitativement, le materiel
membranaire extrait des reins pathologiques est deux lois plus
important que celui extrait de reins normaux; cette augmentation
n'est pas due a Ia presence de fibres de collagène ou de y-globu-
lines; quoique les membranes basales normales et anormales
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aient des compositions diffbrentes en oses et en acides aminés,
elles contiennent lex deux mémes glycopeptides: l'un renferme un
disaccharide compose de glucose et de galactose, l'autre renferme
un heteropolysaccharide compose de fucose, de mannose,d'hexos-
amines, de galactose et d'acides sialiques. Les membranes patho-
logiques ant mains d'unités disaccharidiques par chaine pepti-
dique et moms de chaines hétéropolysaccharidiques contenant
4 a S résidus d'acides sialiques. En dehors de ces differences
chromatographiques, l'augmentation de poids du materiel mem-
branaire extrait des reins pathologiques ne peut être expliquee
que par un accroissement de synthese ou par une diminution
du turnover des glycoproteines normalement présentes dans
les membranes basales.
Glomerular basement membranes are composed of
glycoproteins containing two types of carbohydrate
units [1, 2]. One unit is a disaccharide composed of
glucose and galactose residues linked to hydroxylysine
[3]; the other is a heteropolysaccharide containing
mannose, hexosamine, fucose, galactose and sialic
acid. Since the glycoprotein containing the disaccharide
units has marked similarities to collagen in both
carbohydrate and amino acid composition [4—7], it
has been called a "collagen-like" material.
In membrano-proliferative glomerulonephritis, hya-
line deposits have been observed, as well as thickening
of glomerular basement membranes [8]. According to
Misra and Berman [9], these changes are caused by
an increase in cholesterol and hexosamine content
(relative to hydroxyproline) and by a modification in
the ratio of neutral to amino sugars; more recent
studies suggest the presence of glycopeptides with
higher molecular weight [10, 11].
In the present study, glomerular basement mem-
branes from the kidneys of patients with lobular and
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membrano-proliferative glomerulonephritis have been
purified and characterized in order to determine
whether the microscopic findings represented an
increase in glycoproteins normally present, an increase
in abnormal glycoproteins, or the presence of an
exogenous substance such as a gamma globulin. Since
changes in glomerulonephritis involve both glomerular
and tubular basement membranes, and since com-
parison of the changes in both tubular and glomerular
structures is of interest, a modification of the glomerular
basement membrane purification [12] procedure has
been used. Comparisons of the chemical composition
of normal glomerular and tubular basement mem-
branes obtained by this procedure have already been
reported [1, 13]. The characterization of the changes
in glomerular membranes of glomerulonephritic
kidneys is herein reported and a characterization of
the changes in abnormal tubular membranes will be
included in a subsequent report.
Methods
Six glomerulonephritic kidneys were obtained at
autopsy or at surgery. Seven normal kidneys, devoid
of histologic lesions, were obtained at autopsy.
Pertinent clinical information is given in the Addendum.
Glomerular basement membranes (GBM) were
isolated using a previously described technique, i.e.,
the passage of fragments of kidney cortex through
calibrated stainless steel sieves [13]. However, the
time of sonication, which is generally longer for
abnormal kidneys, depends on the degree of glomerular
disruption as observed under phase microscopy. For
electrophoresis, ten mg of basement membranes were
suspended for 24 hours at 370 C in ten ml of an 8 M
urea solution containing 1.0 mr'i mercaptoethanol.
After centrifugation at 30,000 G/30 mm, the super-
natant was dialyzed against distilled water and lyo-
philized. Ten p1 of this material (solubilized in one ml
of 8 M urea) was submitted to acrylamide gel electro-
phoresis using a 0.38 M glycine, 0.05 M tris buffer,
pH 8.3 [4]. Gels were stained with Amido black.
GBM glycopeptides were isolated by submitting
GBM to enzymatic digestion with pronase (Serva, Hei-
delberg, Germany) and collagenase (Worthington,
Freehold, N.J., U.S.A.) as previously described [1, 2].
Glycopeptides were separated by gel filtration on
Sephadex G 25 and G 50 (Pharmacia, Uppsala, Swe-
den) and by ion exchange chromatography using
DEAE-cellulose (Macherey, Nagel and Co., Duren,
Germany) and Dowex 50 x 2 (Fluka, Buch, Switzer-
land). Neutral sugars, hexosamine, sialic acid, amino
acid, total nitrogen, uronic acid, DNA, RNA and
phosphorus were analyzed by techniques described
previously [13]. Lipid determinations were performed
by Dr. L. Gosselin, University of Liege [14].
GBM was fixed for electron microscopy in 2.5%
glutaraldehyde for one hour and postfixed with I %
0s04 for 30 minutes. After dehydration in graded
alcohols, the GBM preparations were embedded in
Epon 812. Each manipulation was followed by centri-
fugation at 2000 G for 10 mm; ultrathin sections were
obtained with an LKB microtome; they were stained
with uranyl acetate and lead hydroxide and examined
with a Siemens Elmiskop 101 electron microscope.
Results
Morphological characteristics and purity of isolated
GBM. When examined under the electron microscope,
normal and glomerulonephritic basement membranes
exhibited major differences in situ. Abnormal GBM
was thickened, membranoid deposits were obvious,
and a few collagen fibrils were readily visible in the
mesangial matrix [8]. Consistant with these microscopic
data, the amount of GBM per weight of extracted
kidney cortex (Table 1) from glomerulonephritic
kidneys was twice that from normal kidneys. After
Table 1
Yields of glomerular basement membranes from
normal and glomerulonephritic kidneys
Subject Cortical Weight
g
Membranes
(dry weight)
mg
Yield
mg/g
Normal Kidneys
1 90
2 85
3 100
4 80
5 95
6 110
7 77
80
90
95
90
100
97
79
1
1
1
1
1
1
1
Glomerulonephritic Kidneys
1 26
2 40
3 50
4 45
5 40
6 34
54
76
95
90
89
70
2
2
2
2
2
2
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isolation, the abnormal GBM were thickened and Abnormal membranes solubilized in 8 M urea and
presented a few fibrils of collagen. No cellular conta- 1 mr't mercaptoethanol contained no gamma globulin
mination was observed in any of the preparations by analytic disc gel criteria (Fig. 2); they also contained
(Figs. 1 a and I b). no protein which was not present in similarly solubilized
Fig. I
Fig. lb. Electron micrograph of isolated glomerulonephritic GBM (x 20,000). The membrane is regularly thickened.
ta. Electron micrograph (taken by Dr. Ch. Dechenne) of isolated normal glomerular basement membranes (x 20,O(
Fig. 2. Analytic disc gel electrophoresis. From left to right:
normal GBM, glomerulonephritic GBM, and normal human
serum. Ten j.tl of solubilized membranes (7 mg/mI) and 10 p1 of
normal human serum were submitted to electrophoresis (2).
Proteins were stained with Amido black.
Carbohydrate Normal GBM Glomerulonephritic
(7 experiments) GBM
mg/100 mg (6 experiments)
of protein a mg/100 mg
of protein a
Anthrone 7.10±0.30a 5.90±0.50a
Glucose 2.70± 0.05 1.90± 0.20
Galactose 3.00±0.07 2.10±0.20
Mannose 1.10±0.09 1.20±0.20
Fucose 0.50±0.04 0.50±0.10
Sialic acid 1.05± 0.05 0.45± 0.15
Hexosamine 1.60±0.04 1.80±0.30
Mean value Standard deviation.
b Protein content is based on dry weight and nitrogen deter-
mination.
Amino acid composition of glomerular basement membranes and calf skin collagen
Normal GBM
(7 experiments)
residues! 1000 residues
Glomerulonephritic GBM
(6 experiments)
residues! 1000 residues
Calf skin collagen b
residues/1000 residues
3-hydroxyproline 7.70± 0.20 a 10.5 0.9 a i .0
Hydroxyproline 58.20±0.10 73.6± 1.2 93.0
Aspartic acid 81.80± 0.90 69.2± 0.5 45.0
Threonine 38.70± 0.15 37.2±0.4 17.0
Serine 47.50± 0.20 46.5± 1.6 36.0
Glutamic acid 96.30±0.15 91.5± 1.9 73.0
Proline 60.90±0.17 79.5± 1.6 128.0
Glycine 190.00±0.20 230.4± 2.6 330.0
Alanine 65.90±0.19 70.1 1.2 110.0
HaIf-cystine 22.00± 0.50 18.2± 0.9 0.0
Valine 40.50±0.30 38.2±2.2 24.0
Methionine 17.60±0.20 14.4± 1.8 6.2
Isoleucine 34.80±0.15 30.2± 1.5 9.5
Leucine 78.90±0.60 60.6±2.1 24.0
Tyrosine 19.30±0.02 17.3±0.9 2.8
Phenylalanine 30.30±0.15 25.3± 1.2 12.0
Hydroxylysine 19.40±0.19 13.2±0.9 5.8
Lysine 28.60±0.14 21.7± 1.1 26.9
Histidine 16.10±0.05 12.1 1.1 4.8
Arginine 45.40±0.09 40.3± 2.1 51.0
a Mean Standard deviation.
a From: Bailey, A. J., Extracellular and supporting structures in Comprehensive
Vol. 26B, Elsevir, Amsterdam, 1968, p. 338.
Biochemistry, Florkin, M., Stotz, F. H., Eds.,
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Table 2
Carbohydrate composition of basement membranes
Table 3
a
e
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Fig. 3a. Chromatography of glycopeptides isolated from glomerulonephritic GBM and from normal GBM on Sephadex G 25 column
(2 x 85 cm). Elution was performed at a rate of 20 mI/hour with 0.1 M pyridine acetate buffer, pH 5.0. Fractions of 7 ml were
collected and analyzed for their content of neutral sugar and amino acid. Peaks I and II were lyophilized.
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Fig. 3 b. Chromatography of peak I (see Fig. 3 a) glycopeptides on Sephadex G 50 column (2 x 85 cm). Left side of the figure represents
the elution of normal glycopeptides and the right side depicts the elution of glomerulonephritic glycopeptides. The elution was per-
formed at a rate of 20 ml/hour with 0.1 at pyridine acetate buffer, pH 5.0. Fractions of 7 ml were collected and analyzed for their
content of neutral sugar and sialic acid. The second peak was lyophilized.
normal membranes. These data indicate that collagen
could not account for the twofold increase in GBM
material isolated from glomerulonephritic kidneys.
The results of disc gel analysis also eliminate the pos-
sibility that bound gamma globulin accounted for the
increase in GBM material. Since the total nitrogen
was 16.9±1.5% in glomerulonephritic GBM, and
15.9±3% in normal GBM, significant contamination
by non-proteic material does not seem evident. Both
abnormal and normal basement membranes contained
less than 1 % DNA, RNA, lipid or uronic acid.
Carbohydrate and amino acid composition of normal
and glomerulonephritic GBM. The carbohydrate com-
position of GBM from both normal and glomerulone-
phritic GBM is given in Table 2; the major observed
difference was a decrease in glucose, galactose and
sialic acid in abnormal GBM (P<0.01). The small
increase in hexosamine content of these membranes
was not significant (P<0.l). After treatment with
neuraminidase or mild acid hydrolysis [3], all of the
sialic acid was removed from both types of mem-
branes, thus indicating a terminal position for these
residues. The amino acid composition of abnormal
GBM is given in Table 3. Proline, hydroxyproline and
glycine were increased while lysine and hydroxylysine
were decreased. The amino acid composition of col-
lagen shown in Table 3 clearly indicates that collagen
contamination does not account for changes in lysine,
3-hydroxyproline or arginine content; half-cystine,
tyrosine and phenylalanine residues would suggest
15 to 20% contamination at most.
The glycopeptides of glomerulonephritic and normal
GBM. Two-hundred mg samples of GBM from either
normal or glomerulonephritic pooled kidneys were
successively digested with collagenase and pronase
in order to convert glycoproteins to glycopeptide
fragments [1, 2]. Chromatographed on Sephadex G 25,
three peaks were apparent in both the normal and
abnormal glycopeptide digests (Fig. 3a). The first two
peaks (1 and II) gave a positive anthrone and ninhydrin
75 150 5 300 375 ml
Effluent
100 150 200 250 300 ml
Effluent
100 150 200 250 300
Effluent
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reaction, whereas the third peak contained amino
acids only. Peak I contained all of the carbohydrates
of intact membranes and it was rechromatographed
on Sephadex G 50 (Fig. 3b). Again two fractions
exhibiting a positive resorcinol and anthrone reaction
were separated. The first eluted fraction contained all
of the sugars of intact GBM and it probably corre-
sponded to partially hydrolyzed membranes; the
second fraction contained galactose, fucose, mannose,
hexosamine and sialic acid (no glucose) and it corre-
sponded to the heteropolysaccharide units previously
described in normal glomerular basement membrane
preparations.
Since the same weight of normal and abnormal glom-
erular membranes yielded the same quantity of hete-
ropolysaccharide containing glycopeptides (Table 4),
Table 4
Yields of glycopeptides isolated from normal and
glomerulonephritic kidneys
Normal Glomerulo-
nephritis
Disaccaride-containing 15 10
glycopeptides
(Peak II, Sephadex G 25)
Heteropolysaccaride-containing 15 15
glucopeptides
(Peak II, Sephadex G 50)
a The results are expressed in mg/100 mg of lyophilized GBM.
and since the recoveries during chromatography were
the same for both preparations, the glycoproteins of
glomerulonephritic membranes appeared to have the
same quantity of heteropolysaccharide units as normal
membranes per polypeptide chain length.
Peak II of the initial Sephadex G 25 filtration pro-
cedure (Fig. 3a) contained glucose and galactose in
equimolar amounts and it corresponded to the disac-
charide-containing glycopeptide fraction previously
characterized in normal glomerular membrane pre-
parations [1, 2]. With the same recoveries during
chromatography and the same weight of starting
material (Table 4), abnormal membrane preparations
possessed a one-third lower content of disaccharide-
containing glycopeptide material, i.e., the glyco-
proteins of glomerulonephritic membranes appeared
to have only two-thirds the number of disaccharide
units as normal membranes per polypeptide chain
length.
The heteropolysaccharide and disaccharide-contain-
ing glycopeptides of abnormal membranes were further
characterized by ion exchange chromatography. The
latter, chromatographed on Dowex 50 x 2, yielded
the same five disaccharide fractions as normal mem-
branes (Fig. 4a). The carbohydrate and amino acid
composition of the five fractions are presented in
Table 5. Each fraction contained glucose, galactose
and hydroxylysine in equimolar proportions, indi-
cating that the carbohydrate unit of this glyco-
peptide was composed of glucose and galactose,
and that it was identical in glomerulonephritic and
normal GBM.
Table 5
Carbohydrate and amino acid composition of glycopeptides isolated by chromatography on Dowex 50 x 2 a
Normal GBM " Glomerulonephritic GBM b
1 2 3 4 51 2 3 4 5
Glucose 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Galactose 1.00 1.04 1.01 0.99 1.02 0.99 0.95 1.02 1.01 1.04
Hydroxylysine 0.90 0.95 1.02 1.04 1.05 0.99 0.95 1.05 1.01 1.02
Hydroxyproline 0.40 0.35 0.24 0.30 0.17 0.39 0.40 0.20 0.19 0.19
Glycine 2.40 2.02 1.90 1.25 1.30 2.40 2.35 2.10 1.90 1.60
Aspartic acid 1.01 0.90 0.70 0.55 0.45 1.45 1.01 0.96 0.75 0.55
Glutamicacide 0.50 0.40 0.57 0.36 0.24 0.60 0.42 0.36 0.32 0.29
a All results are given as molar ratio to glucose.
The various fractions correspond to peaks of Fig. 4a.
C Less than 0.2 residue of proline, lysine, leucine, arginine was found in all the fractions.
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Effluent
Fig. 4a. Chromatography of glycopeptides on Dowex 50 x 2
column (1 x 60 cm). Ten mg of normal arid glomerulonephritic
glycopeptides purified by chromatography on Sephadex G 25
(peak 11, see Fig. 3a) were dissolved in 5 ml of 0.01 M pyridine
formate buffer, pH 3.4, and applied on a column equilibrated
with the same buffer. Elution was performed with a linear
gradient of pyridine formate to a final concentration of 0.7 M
(2 liters), and finally with 2 M formate buffer, pH 3.4. Fractions
of 7 ml were collected and analyzed for their content of neutral
sugar.
Fig. 4b. Chromatography of glycopeptides on DEAE-cellulose
column (1 x 60 cm). Ten mg of normal and glomerulonephritic
glycopeptides purified by chromatography on Sephadex G 50
(peak II, see Fig. 3 b) were dissolved in 5 ml of 0.5 m sodium
phosphate buffer, pH 7.8, and applied on the DEAE-cellulose
column equilibrated with the same buffer. Elution was per-
formed with a linear gradient of sodium phosphate to a final
concentration of 0.03 at (I liter), and finally with 0.7 M sodium
phosphate buffer, pH 7.8. Fractions of 7 ml were collected and
analyzed for their content of neutral sugar.
a The results are given as molar ratio to fucose.
The different fractions correspond to peaks of Fig. 4 b.
a Results are given as molar ratio to fucose.
The different fractions correspond to peaks of Fig. 4 b.
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Table 6
Carbohydrate composition of glycopeptides isolated
on DEAECellu1osea
400 800 1200 1600 ml
Glomerulo-
nephritic
Normal GBM GBM
lb 2 3lb 2 3 4 5
Sialic acid 1.0 1.1 1.9 3.2 4.1 0.8 1.1 1.3
Hexos- 4.0 5.2 5.3 4.5 4.7 4.5 5.5 4.8
amine
Mannose 2.8 3.0 3.5 2.9 3.2 2.7 3.5 2.9
Galactose 4.2 4.0 3.9 4.4 3.8 3.6 4.4 4.2
Fucose 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
B
a)
C-)a
Ce
0
Cl)
Ce
C)
a
0.50
a
Table 7
Amino acid composition of glycopeptides isolated on
DEAEce11ulosea
500
Effluent
1000 ml
Normal
lb 3
GBM
5
Glomerulo-
nephritic
lb 2
GBM
3
Aspartic acid 1.4 1.2 0.8 1.2 1.2 0.9
Threonine 0.7 0.5 0.4 0.6 0.5 0.2
Serine 0.8 0.7 0.6 0.9 0.7 0.5
Glutamic acid 1.4 1.0 1.1 1.8 1.2 1.1
Proline 0.9 0.8 0.7 0.7 0.7 0.2
Glycine 2.8 2.6 2.4 2.9 2.4 2.2
Alanine 0.6 0.4 0.4 0.5 0.4 0.2
Valine 0.7 0.5 0.2 0.7 0.6 0.4
Leucine 0.5 0.3 0.15 0.3 0.2 0.2
Chromatography of the heteropolysaccharide-con-
taming glycopeptides on DEAE cellulose demonstrated
distinct differences between the normal and glomerulo-
nephritic preparations (Fig. 4b). These data indicated
that the glomerulonephritic glycoprotein material
contained more heteropolysaccharide units with one
to three terminal sialic acid residues (Table 6) and
fewer with four or five, i.e., glomerulonephritic glyco-
proteins had the same quantity of heteropolysaccharide
units as normal membranes per polypeptide chain
length, but these units differed in their decreased con-
tent of terminal sialic acid residues (Table 6). The
amino acid composition of the heteropolysaccharide-
containing glycopeptides was identical in normal and
glomerulonephritic kidneys (Table 7).
Discussion
Glomerular basement membranes purified from
glomerulonephritic kidneys demonstrate the same
electronmicrographic picture after purification as
observed in situ, suggesting the absence of significant
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alterations during purification. Consistant with the
marked thickening of these membranes and the large
increase in membranoid material, the yield of gb-
merulonephritic membranes, per gram of cortical tissue
extracted, is twice that of GBM from normal kidneys.
The twofold increase cannot be attributed to the
presence of collagen. Electronmicrographic observa-
tions and disc gel electrophoresis indicated a collagen
content of less that 10% in abnormal membranes. The
amino acid composition of abnormal membrane could
reflect a 15 to 20% collagen contamination if half-
cystine, tyrosine and phenylalanine residues are
considered; however, if 3-hydroxyproline, lysine and
arginine are accounted for, no collagen contamination
is apparent. The carbohydrate data indicate a lower
content of collagen-like material and no collagen
contamination as a consequence.
The possibility that the increase in thickness of
glomerulonephritic GBM is due to the accumulation
of a protein which is not a normal constituent of the
membrane is unlikely since, after solubilization in
8 M urea and mercaptoethanol, an identical composi-
tional pattern is observed in both normal and abnor-
mal GBM. The presence of immunoglobulins bound
to purified membrane has been eliminated since no
band corresponding to gamma globulins was observed
when abnormal membranes were submitted to poly-
acrylamide gel electrophoresis. Finally, the presence
of other macromolecules would seem to have been
excluded since less than 1 % of lipids, nucleic acid and
mucopolysaccharides are present in membranes from
the two sources. Thus, the most likely explanation for
the twofold increase in thickness is the accumulation
of glycoproteic material similar to that normally
present. This material has the same two types of
carbohydrate units in its glycopeptide digests, but it
has fewer disaccharide units per polypeptide chain
length and fewer heteropolysaccharide units with more
than three terminal sialic acid residues. The effects of
the accumulation of a "collagen-like" material [6]
and the presence of an altered sialic acid content on
gbomerular permeability remains unknown.
Addendum
Subject], age 29, presented with the acute onset of
renal insufficiency; its severity increased progressively
during the following two years. Diagnosis of mem-
brano-proliferative glomerulonephritis was evidenced
by renal biopsy. The patient died of septicemia result-
ing from an arteriovenous shunt infection.
Subject 2, age 39, had a one-year history of renal
insufficiency treated by hemodialysis. Renal biopsy
revealed a membrano-proliferative glomerubonephritis
with granular fluorescence present in the glomeruli
after treatment with "labelled" anti-gamma G serum;
30% of the glomeruli were hyalinized. The patient
died from a cerebral hemorrhage.
Subject 3, age 32, exhibited proteinuria for five
years; two years before transplantation he developed
progressive renal insufficiency requiring hemodialysis.
Microscopic examination of the kidney removed prior
to renal transplantation demonstrated a membrano-
proliferative glomerulonephritis.
Subject 4, age 42, had a one-year history of pro-
gressive renal insufficiency. Renal biopsy revealed a
diagnosis of membranoproliferative glomerulonephri-
tis with the presence of granular fluorescence after
treatment with "labelled" anti-gamma G and beta-i-c
globulin. The kidney was obtained from surgery per-
formed prior to renal transplantation.
Subject 5, age 36, presented with a six-year history
of proteinuria; renal biopsy revealed lobular gb-
merulonephritis. He developed renal insufficiency
which was treated during the ensuing two years by
hemodialysis. Kidneys were obtained following death
from septicemia.
Subject 6, age 25, had a lobular glomerulonephritis
with nephrotic syndrome. He developed renal insuf-
ficiency and hypertension. The kidney, obtained from
surgery prior to renal transplantation, exhibited le-
sions of lobular gbomerulonephritis with the presence
of 30% hyalinized glomeruli.
Acknowledgements
This work was performed with the help of the
Fonds National de Ia Recherche Scientifique of
Belgium. The authors are indebted to Prof. J. Ham-
burger (Hospital Necker, Paris) and to Dr. C. Tous-
saint (Hospital Bruggeman, Brussels) who provided
the kidneys; to Dr. R. Winand and Dr. L. Kohn for
their help in the evaluation of this work, to Dr.
Dechenne (Université de Liege, Service d'Anatomie
Pathobogique, Prof. E. Betz) for the electron micro-
scopy studies; to Mrs. B. Nusgens (Service de Dermato-
logic, Dr. C. Lapiere) for performing the amino acid
analysis, and to Miss C. Flamand for her skillful
technical assistance.
Reprint requests to Dr. Philippe Mahicu, Institut de Mede-
cine, 66 Bd de la Constitution 4000, Liege, Belgium.
Basement membrane composition in glomerulonephritis 123
References
1. Mahieu,P., and Winand, R.J.: Chemical structure of
tubular and glomerular basement membranes of
human kidney. Isolation and characterization of the
carbohydrate units. Eur. J. Biochem. 15: 520—524,
1970.
2. Spiro, R. G.: Studies on the renal glomerular basement
membrane. Nature of the carbohydrate units and their
attachment to the peptide portion. J. Biol. Chem.
242: 1923—1932, 1967.
3. Spiro, R. G.: The structure of the disaccharide unit of
the renal glomerular basement membrane. J. Biol.
Chem. 242: 4813—4823, 1967.
4. Kefalides, N. A., and Winzler, A. J.: The chemistry of
glomerular basement membrane and its relation to
collagen. Biochem. 5: 702—713, 1966.
5. Kefalides, N. A.: Characterization of the collagen from
lens capsule and glomerular basement membranes in
Proc. 6th Congr. mt. Diabetes Fed., Excerpta Medica
Int'l Congress Series No. 172: 307—322, 1967.
6. Kefalides, N. A.: Isolation and characterization of the
collagen from glomerular basement membrane. Bic-
chem. 7: 3103—3112, 1968.
7. Kefalides, N. A., and Denduchis, B.: Structural com-
ponents of epithelial and endothelial basement mem-
branes. Biochem. 8: 4613—4621, 1969.
8. Hamburger, J., Richet, G., Crosnier, J., Funck-Bren-
tano, J. L., Antoine, B., Ducrot, H., Mery, J. P., and
De Montera, H.: Néphrologie, Flammarion, Paris,
1966/Saunders, Philadelphia, 1968, p. 919—923.
9. Misra, R. P., and Berman, L. B.: Studies on glomerular
basement membrane. II. Isolation and chemical ana-
lysis of diseased glomerular basement membrane. Lab.
Invest. 18: 131—138, 1968.
10. Misra, R. P., and Berman, L. B.: Structural alterations
of macromolecules of glomerular basement membranes
(GBM) in advanced glomerulonephritis in Abst.
4th Intern. Congr. Nephrol., 1969, p. 282.
II. Kawanishi, M., Kawamura, M., Nagano, M., and
Abe, M.: Studies on the metabolism in the isolated
pathological glomerulum and its basement membrane
in Abst. 4th Intern. Congr. Nephrol., 1969, p. 281.
12. Krakower, C. A., and Greenspon, S. A.: Localization
of the nephrotoxic antigen within the isolated renal
glomerulus. Arch. Pathol. 51: 629—639, 1951.
13. Mahieu,P., and Winand, R.J.: Chemical structure of
tubular and glomerular basement membranes of
human kidney. Isolation, purification, carbohydrate
and amino acid composition. Eur. J. Biochem. 12:
410—418, 1970.
14. Spiro, R. G.: Studies on the renal glomerular base-
ment membrane. Preparation and chemical composi-
tion. J. Biol. Chem. 242: 1915—1922, 1967.
